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Technological Concentration of Innovation in Agribusiness. 
Oscar Alfranca 
Universitat Politecnica de Catalunya  
Abstract 
The main objective of the paper is to examine and discuss the nature of technological 
relationships across agrifood sectors in order to understand better the pattern of technological 
changes in the Food and Beverage sector. We propose a new estimator to confirm the 
existence of linkages between technological sectors (the Technological Concentration Index). 
A central conclusion from this work is that the quality of data is a principal determinant in the 
measurement of technological flows, and that probably the use of raw patent data could 
introduce a distortion in the qualification of the consequences of technological spillovers. 
 
JEL: Q16, O33. 
 
1. Introduction.  
The innovation process has been following an intense process of universalization and 
globalization. Regarding the agrifood industry, there has been a powerful concentration 
process, both in production and innovation. Measuring the relevance of decentralization is a 
complex problem. 
 
To our knowledge, Technological Concentration Indexes are a new indicator on innovation 
creation in the agrifood industry. Technological Concentration Indexes can be interpreted as 
the correlation between the location decisions to patent of two business units in the same 
industry. An essential point in these models is that high technology industries are strongly 
localized, which supports the view that technological spillovers are both prevalent and 
important (Griliches, 1992). 
 
We try to follow the theoretical foundation of these estimators in order to apply for 
technological concentration in patent production. The main intuition we want to discuss in 
this paper is that when innovation location decisions are not independent, companies can 
choose their location to benefit from the natural advantage of one particular area, (for 











Page 3 of 28 
 
CHAIRMAN - PROGRAM COMMITTEE
EAAE XI
th CONGRESS ￿ COPENHAGEN 
associated to the existing spillovers related to innovation in the agrifood industry. In this 
paper, we develop a similar methodological approach to previous research on Geographic 
Concentration Indexes (some examples are Ellison and Glaesser, 1997 and Maurel and 
Sedillot, 1999), but we are mostly interested in the concentration of innovation rather than in 
the concentration of production within the industry. Therefore, we think that aggregated 
agrifood patent quotation data, (rather than employment data), should have to be used in order 
to provide indirect evidence of technological spillovers.  
 
In this paper, we discuss the use of agrifood patent quotation data to provide indirect evidence 
of technological spillovers, (instead of employment data), because we are mostly interested in 
the concentration of innovation more than in the concentration of production within the 
industry. More specifically, we propose that there is a certain geographic component in the 
concentration of patents production and that this concentration is related to the total volume of 
patents produced in the geographic area and to the sectorial specialization in the production of 
innovations. 
 
The main objective of the paper is to examine and discuss the nature of inter-industry 
dynamic linkages across agrifood sectors. We propose a new estimator confirming our 
hypothesis about the existence of incentives to locate where innovation production is bigger. 
It is very difficult to reject that there is not always a need of a production base in order to 
explain the existence of innovations. A main conclusion is that it is not difficult to reject the 
hypothesis that the importance of spillovers could have been exaggerated, because of 
mistakes in the calculation of related variables.  
 
In our paper, companies are interested to devote a technological effort in one area or 
discipline if some previous knowledge capital exists in the area. That is, a certain experience, 
a well known ability on production of innovations in specific technological fields such as, for 
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rather favourable to innovation. For instance, in order to produce drink innovations, a 
company could be interested in technologies with high tradition in food machinery 
innovation, even if this machinery it is not strictly related to drinks. So, when firms engage in 
R&D activies in specific technological areas, looking for complementary assets that are 
technologically specific, they are essentially aiming to explicitly internalize several aspects of 
the systems of innovation from the host location. This is the theoretical foundation to use the 
total number of innovations as an incentive to innovate in this technological field (in our 
example, even if it is not strictly related to drink production). So, we will consider there is 
always an important component of technological proximity in agrifood innovation, and hence 
that spillovers could be bigger within small geographical units. Usually such locational 
schemes are an inducing force of agrifood corporations to concentrate the most strategically 
significant elements of R&D closer to the headquarters.  
 
The structure of the paper is as follows. Section 2 briefly discusses some of the most 
important theoretical foundations of localization spillovers and corporations.  Section 3 
displays empirical background on geographic concentration of innovation in agrifood 
companies and spillovers.  Section 4 discusses some specific problems that arise when 
calculating technological concentration indexes for agrifood innovation.  Section 5 presents 
the data sources and variable definitions. Section 6 introduces the main results and 
discussions. Finally, we present our conclusions. 
 
2. Localization spillovers and corporations. 
Returns to scale induce industries to concentrate their production in a small number of 
business units by allowing a decrease in the mean cost of production. If we think of basic 
industries with high fixed costs, then location will be influenced by the access to raw 
materials (in the case of the agrifood industry, mainly agricultural products). Historical 
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This polarization could even be reinforced by localization spillovers that benefit firms in the 
same industry (Marshall, 1890; Arrow, 1962; Romer, 1984), and urbanization economies that 
are common to all firms. According to Glaesser, et. al (1992), intra-industry or inter-industry 
spillovers lead to different predictions regarding the organization of space. If localization 
spillovers are the most important, then space will be structured in specialized industrial poles. 
On the other side, when spillovers are common to all industries, then polarization goes along 
with highly industrially diversified areas (Jacobs, 1969). 
 
The empirical work of Glaesser et al. (1992) on the growth of industrial employment in the 
US cities supports the hypothesis that spillovers across industries are more important than 
knowledge spillovers within one industry. However, these results are not conclusive and some 
papers find opposite or weaker evidence from the results (Henderson et al. 1995; Maurel, 
1996). 
 
The existence of linkages with export-oriented corporations provides knowledge about 
product and process technologies and foreign market conditions. MacDougall (1960) is 
traditionally considered to be the first work to analyze systematically the general welfare 
effects of foreign investments. In this work spillovers are among the possible consequences of 
foreign direct investments, although rather in an empirical way. Theoretical studies analyzing 
the effects of spillovers did not appear until the end of the 1970￿s, including Koizumi and 
Kopecky (1977), Findlay (1978), and later with Das (1987) and Wang and Blomstrom (1992). 
The main conclusion from these studies is that the presence of multinationals should improve 
the allocation of production factors, by entering into industries with high entry barriers and 
hence reducing market concentration, (reducing monopolistic power of existing industries), 
and induce an improvement in the allocation of resources linked to technical change. 
Spillovers appear when the presence of multinational affiliates is linked to efficiency 
improvements in the host country￿s firms and the multinationals are not able to internalize the 
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Sometimes technological markets are imperfect, and hence transaction costs should exist. 
Regarding multinational corporations, the main justifications rely on the fact that relevant 
technologies are not easy to codify in the form of patents. Besides, it is often difficult to value 
the technology and reach an equilibrium price acceptable to both parties (Buckley and 
Casson, 1976; Teece, 1981). These difficulties make direct investment more interesting than 
licensing to multinationals. This preference is stronger for the newest and most weakly 
protected technologies and for those technologies closely linked to the principal line of 
business of the multinational. Spillovers related to technological diffusion will be more 
important from direct contact with users. The contacts between adopters and the multinational 
corporations users are a direct form of diffusion and a form to reduce uncertainty related to 
innovation. Foreign direct investments in R&D can be also a way to overpass the existing 
barriers related to oligopolistic markets such as scale economies, advertising, high initial 
capital requirements and advanced technology. These are high barriers to entry that are 
usually linked to low levels of competition. 
 
Spillovers should not be expected in all kinds of industries. For instance, if foreign 
multinational corporations operate in economic regions where neither products nor 
technologies have much in common with those of local firms, then there should be little scope 
for learning and spillovers may not materialize. On the other side, spillovers will be more 
likely to appear when foreign affiliates and local firms are in more direct competition. 
 
Regarding spillovers in agroindustry, corporations are more likely to base their 
competitiveness more on marketing skills or in organizational advantages, (such as the ability 
to specialize across international borders), in order to exploit the local comparative 
advantages of various host countries. It is very important to point out that when agrifood 
multinationals engage in innovation activities overseas, they are based not only in the 
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of the selected area. Therefore, when firms engage in R&D in a foreign location to avail 
themselves of complementary assets that are located in a very specific region, they are 
essentially aiming to explicitly internalize several aspects of the systems of innovation from 
the host region. However, developing and maintaining these linkages with local counterparts 
is expensive and time consuming, and will only be achieved by a high level of integration 
with the innovation system in the home location (Alfranca, Rama and von Tunzelmann, 2003; 
Rama, 2004) . Such relationships are both formal and informal and take years to create and 
sustain (Criscuolo, Narula and Verspagen, 2002). The cost related to maintain and coordinate 
these networks should also have to be considered in order to measure the real extent of 
spillovers.  
 
This hypothesis might help to explain that knowledge spillovers tend to be more intense 
between parties that are located close to each other in space. The existence of spillovers is 
hence related to a common pool of resources in a region, such as skilled labor, the existence 
of research institutes or scientific equipment infrastructure.  
 
The strategy of agrifood corporations will depend also on the relevance of existing barriers. If 
scale economies are important, then multinational corporations can coordinate their 
international operations and concentrate specific processes to few locations. This could be the 
case for the agrifood industry for those processes that are more intensive in very specific and 
skilful labor. If the foreign investments are made in countries where skilled labor is more 
abundant than in the home country, then there could be a reduction in the technology intensity 
of home country production, and hence negative spillovers could appear. 
 
Nevertheless, this situation is unlikely because multinationals R&D is usually concentrated in 
the home country. This is a way to guarantee that spillovers linked to foreign direct 
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multinational corporations and their local suppliers and subcontractors, and also from labor 
mobility. 
 
3. Geographic concentration of innovation in agrifood and spillovers. 
Competition in the agrifood industry of industrial countries is currently conducted more in 
terms of quality, variety, diversification and safety of processed foodstuffs than in terms of 
price (Traill, 1989). Food and Beverage (F&B) multinationals monitor and use a variety of 
innovation sources, e.g. single-country companies, universities and research centres. Here we 
claim that very large food companies show specificities concerning their long-run innovation 
strategy. Their more common pattern of innovation is one of persistent association of 
technical and design inventions with innovation spillovers.   
 
Previous research agrees that spillovers seem to be ubiquitous in a variety of environments.  
However, their effects, positive or negative, on recipient firms are controversial. R&D is 
partially a public good (Mansfield, 1980; Romer, 1990; Khanna, Huffman and Sandler, 1994; 
Alfranca and Huffman, 2003), and outside sources may be accessed through different means: 
industrial theft, technology observation, routine patent searches, R&D contracts, equity in 
ventures or mergers and acquisitions, so that not even patented innovations are free from 
imitation (Leonard and Sensiper, 1998).   
 
It is widely accepted that spillovers tend to be geographically localized (Jaffe et al., 1993; 
Audretsch and Feldman, 1996).  However, innovative activity and patents in one country may 
also impact investment decisions in other countries through spillovers. These spillovers are 
expected to be larger and more direct when large multinational companies undertake patents.  
Spill-ins is expected to reduce the cost of local innovation, to increase the expected return to 
local private innovative activity, and to increase R&D investment.     
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4.1. Empirical model  
The concentration index for agrifood innovation which is discussed in this paper is based on 
the location model suggested by Glaesser et al. (1992) and Henderson et al. (1995), and 
developed, among others by Ellison and Glaeser (1997), Maurel and Sedillot (1999) and Forni 
and Paba (2002).  
 
Our index is found on the linear relationship between  ￿ p, (the probability that two agrifood 
companies locate the innovation in the same country), and γ (a parameter lying between ￿1 
and 1 that describes the strength of spillovers within the industry). A value of zero could 
indicate a complete lack of agglomerative forces. In our paper, whenever innovation location 
decisions are not independent, companies can choose their location to benefit from the 
technological spillovers of a particular geographic area.   
 
A simple estimator of the spillover parameter is γ which derives from a natural estimator of 
the probability p that two companies will be located in the same geographic area. Given that 
we are mostly interested in the innovation activities of agrifood multinationals, we suggest 
selecting the sectorial frequency estimator weighted by the aggregated volume of patents for 
agrifood multinationals. A simple frequency estimator would compare the number of pairs of 
companies located in each country, to the total number of pairs of companies in the country, 
whereas the weighted estimator weights each company by its share in the industry patent 
production. This estimator is unbiased and derives directly from the probability model (that is, 
the frequency estimator  ￿ p).  
 
Let N be the number of agrifood companies and z1,￿zn the patent quotation share of each 
company in the agrifood industry innovation. The fraction of agrifood industry patent 
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where uji = 1 if the company j obtains a patent in area i, and 0 otherwise. Given the probability 
P(uji = 1)=xi, the vector (xi, ￿ xM) represents the share of each of the M number of 
technological fields (e. g. sugar, starch and carbohydrates or tobacco). This implies that if the 
agrifood innovation location is random, then the location process for the agrifood sector will 
on average lead to a pattern of patent shares, which will match the aggregate. We use sectorial 
agrifood patent quotations data to provide indirect evidence of technological spillovers, 
(preferably than employment data), because we are mostly interested in the concentration of 
patent production in the agrifood industry, more than in the concentration of production 
within the industry. Therefore, following Maurel and Sedillot (1999), the probability  ￿ pthat 













   
 
where H is the patent Herfindhal index for the multinational agrifood industry. In our paper, 
this value is calculated both for design and utility patents. 
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where γ is a parameter lying between ￿1 and 1 that describes the strength of technological 
spillovers within the agrifood industry (if γ =0, this implies that no spillovers exist; if γ=1, 
then availability of spillovers to free riders is perfect), and Σxi
2 as the share of each of the 
patent quotations over the aggregated technological fields.   In our paper, this index can also 
be interpreted as the excess of raw technological concentration of the innovation in a specific 
agrifood industry sector (G), over the innovation in the agrifood industry as a whole (H). 
Therefore, this index can be regarded as an index of the agrifood industry innovation 
technological concentration, controlling for the general distribution of innovation in the 
agrifood industry. 
 
It is important to point out that the Herfindhal index estimator needs to be corrected, in order 
to avoid the bias on count data (see the methodology proposed by Bronwyn H. Hall in Jaffe 
and Trajtenberg (2002). It is not difficult to prove that, without any correction, the value of 
the concentration index will be biased as well for small samples (otherwise the index will 
present a downward bias). 
 
In this paper, we have preferred this specification, (rather than the one by Elisson and 
Glaesser), since it derives directly from the probability model and in the measure of the raw 
concentration (Maurel and Sedillot, 1999). With this corrected index an industry will not be 
considered as localized only because its employment is concentrated in a small number of 
plants: an industry with a random distribution of plants across regions will have an expected γ 
index equal to 0, regardless of the value of its Herfindhal index.   
 
4.2. Some difficulties in the empirical research of knowledge spillovers in the agrifood sector. 
The positive effects of foreign investment are likely to increase with the local capabilities and 
with market competition. Hence, spillovers are systematically different between countries and 
industries. The transfer of technology from multinational corporations parents to affiliates 











Page 12 of 28 
 
CHAIRMAN - PROGRAM COMMITTEE
EAAE XI
th CONGRESS ￿ COPENHAGEN 
training of the affiliates local employees and even the scientific and technological 
environment of the educational institutions in both parent and host countries. This makes the 
estimation of spillovers an extremely difficult work, in most of cases simply attemptive and 
far from a real figure. 
 
Spillovers could appear both at the host country and the home country. Hence, agrifood 
multinationals may wish to establish affiliates in foreign centers of excellence in order to 
draw on the existing technical knowledge and learn from innovations made by local firms. 
The main reason is that spillovers are stronger within a small geographical unit and hence, the 
innovative activity of agrifood corporations requires proximity to the economics units 
(Criusolo, Narula and Verspagen, 2002) 
 
Regarding mature industries such as agrifood industries, multinational corporations are 
expected to base their competitiveness more on organizational advantages and marketing 
skills, (such as the ability to specialize across international borders), in order to exploit the 
local comparative advantages of various host countries. These changes act as a protection of 
local market shares and are the origin of spillovers that could lead to productivity increases in 
local firms.  
 
So, linkages with export oriented agrifood corporations provide knowledge about product and 
process technologies and foreign market conditions (for instance, foreign preferences 
regarding design, packaging and product quality). If this information can be used profitably in 
other operations of the company, then we could not deny the existence of spillovers. 
Spillovers will be more important when foreign affiliates and local firms are in more direct 
competition with each other. Under these conditions, products and processes should need to 
be modified in order to make them more appropriate to local conditions and, in some cases, 
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for empirical research). In these activities, the technological advantage of the local firm 
usually reflects those of the home country company.  
 
It has become almost an axiom that foreign direct investment is a channel of international 
R&D spillovers. Regarding agrifood multinationals, knowledge diffusion is characterized by 
their superior knowledge base. This knowledge is considered to be an ownership specific 
advantage that can be exploited in other markets through foreign direct investments (Venglers 
and Cassiman, 2003). Although there is a double transfer of knowledge, the better studied are 
those from parent to subsidiary. Hence, it is relevant to know precisely to what extent foreign 
affiliates in agrifood draw upon local sources of knowledge rather than home country 
knowledge.  
 
Empirical studies seem to show that the market structure affects both the rate and type of 
technical progress. Kamien and Schwartz (1982) is a survey of research in industrialized 
countries concluding that neither perfect competition nor perfect monopoly, but rather 
oligopolistic markets are most favorable to technical progress. Katz (1984), Teitel (1984) for 
Latin America and Laall (1980) for India show that technical change in industries with limited 
competition aims essentially to overcome supply restrictions, (for instance, by substituting 
imported raw materials and components), while change in more competitive industries is 
characterized by cost-reducing and quality-improving innovations 
 
Blomstrom and Kokko (1998) conclude that multinational corporations foreign investments 
provide positive external effects which are related to scale economies, high initial capital 
requirements, intensive advertising and advanced technology. These economic features are as 
well a sign for entry barriers, high concentration and weak competition level. Under these 
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One of the reasons to expect spillovers is the improvement in resource allocation that may 
follow form multinational corporations entry into monopolistic host country industries. 
Although there is no simple relationship between competition and efficiency and 
concentration, most of studies are able to establish a positive correlation between foreign 
entry and presence and seller concentration in host country industries. However, one 
important finding is that correlation disappears when other determinants of concentration are 
taken into account, and then multinational corporations do not cause concentration but are 
drawn to concentrated industries (Fishwick, 1981; Globerman, 1979).  
 
However, differences in patenting systems make difficult a precise measure of spillovers 
between different geographical areas (for instance, between US and European countries). That 
is why the existence of homogeneous data, (such as the sample provided by Jaffe and 
Trajtenberg, 2002), or the sample on agrifood US patents of multinationals provided by 
Professor von Tunzelmann at SPRU is so relevant for empirical research in the agrifood 
sector. Without such standardization of the data, any comparison appears to be of very little 
interest. 
 
An empirical measure for the real impact of patents is also a complicated issue in measuring 
and calculating spillovers. Although quotations appear to be a fairly good measure, there is no 
clear revelation that a quotation is directly related to the use of patents. Other measures such 
as the direct opinion of experts, grading the relevance of each patent might be more useful and 
a better indicator of the preference of users than just quotations of patents and academic 
papers. On the other side, it is important to consider social and institutional variables, (such as 
the language of the inventors), in order to estimate the real extent of the invention. 
 
5. Data sources and variables definitions. 
In order to investigate technological practices we analyze, over 1963-1999, a panel of data for 
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starch and carbohydrates, tobacco and food or edible material: processes, compositions and 
products. The patent data for the specific technological fields were collected from USPTO. 
We have used the database on US patents provided by Hall et al. (2002). This database 
comprises information on US patents granted between 1963 and 1999. This database provides 
as well information about all citations received by these patents (table 2). We have selected 
from this database all information related to the four technological fields that we were 
interested in. Following the U.S. Patent Classes as of 31th December 1999, these classes are: 
Class 99 (Foods and Beverages: Apparatus); Class 127 (Sugar, Starch, and Carbohydrates); 
Class 131 (Tobacco); and Class 426 (Food or Edible Material:  Processes, Compositions, and 
Products). We have used as well quotations received by the same patents.  
The characteristics of the sample of patents are displayed in table 1. The Jarque Bera normal 
statistic indicates that both patents and quotations received follow a lognormal distribution. 
According to the data, the most intensive patent production can be found in the Food and 
Edible Material Class (426), and the smallest in class 127 (Sugar, Starch, and Carbohydrates).  
A description of these classes can be found in the appendix 1. The main descriptive statistics 
of the sample of received quotations can be found in table 2. The class of food or edible 
material is clearly the class of patents receiving more quotations (the mean is 2763 
quotations). The sugar, starch and carbohydrates class is the patent class receiving the 
smallest number of citations (the mean is 143 quotations).  
 
Table 1. Descriptive statistics  for patents in the four technological fields. 
 
  PAT127 PAT131 PAT426  PAT99 
 Mean   31.40541   125.0270   520.8108   208.4595 
 Median   30.00000   124.0000   519.0000   207.0000 
 Maximum   59.00000   191.0000   879.0000   350.0000 
 Minimum   11.00000   79.00000   316.0000   102.0000 
 Std. Dev.   10.04285   29.52070   131.5875   57.89291 
 Skewness   0.718808   0.171407   0.568550   0.433328 
 Kurtosis   3.533652   2.078224   2.954033   2.905889 
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 Probability   0.163224   0.474476   0.368500   0.556664 
      
 Sum   1162.000   4626.000   19270.00   7713.000 
 Sum Sq. Dev.   3630.919   31372.97   623349.7   120657.2 
      
 Observations   37   37   37   37 
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Table 2. Descriptive statistics for quotations received, and the four technological fields. 
 
 CRECEIVE127  CRECEIVE131 CRECEIVE426  CRECEIVE99 
 Mean   143.4324   498.3514   2763.432   869.3243 
 Median   129.0000   551.0000   3118.000   911.0000 
 Maximum   353.0000   854.0000   5057.000   1333.000 
 Minimum   2.000000   1.000000   14.00000   14.00000 
 Std. Dev.   90.00109   241.7909   1311.803   320.6420 
 Skewness   0.512099  -0.649264  -0.356025  -0.818705 
 Kurtosis   2.616005   2.324100   2.321233   3.336428 
       
 Jarque-Bera   1.844499   3.303817   1.491934   4.307875 
 Probability   0.397624   0.191684   0.474275   0.116026 
       
 Sum   5307.000   18439.00   102247.0   32165.00 
 Sum Sq. Dev.   291607.1   2104662.   61949781   3701206. 
       




5.3. Definition of the variables. 
The first of the variables used to calculate the index is Σsi 
2  which can be defined as the patent 
share of this technological sector in the agrifood sector, between 1963-1999. Another variable 
used to calculate the index is Σxi 
2 , which is used to define the patents share of the agrifood 
sector, in the whole set of patents, during the same period. Regarding H, it is defined as a 
Herfindahl index of patents, for the agrifood technological field, during the same time period. 
 
6. Results and discussion.  
Technological concentration indexes calculated for food innovation will allow us to test if 
some kind of technological intensity exists in economic sectors, if technological choices are 
or not independent between economic sectors, and if technological choices are or not 
completely random among economic sectors (that is, if some technological advantage exists).  
Negative values of the index of technological concentration should imply that dispersion 
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scattered as possible. A positive value could let us induce that agglomerative forces exist and 
that innovation in the agrifood industry is basically localized. 
 
From our calculations, positive values have been found for Foods and beverages: Apparatus, 
for the Food or edible material class patents, (Processes, compositions and products), and for 
tobacco. Therefore, we could induce that agglomerative forces exist and that innovation in 
this part of the agrifood industry is basically localized (table 3). In spite of the fact that 
positive values have been calculated, values are fairly small for tobacco, indicating that this 
industry displays a low degree of concentration. The food and beverages class indicates a 
moderate concentration level, and the food or edible material value indicates that technology 
in this industry is very localized. The sugar, starch and carbohydrates class negative TCI 
value indicates that dispersion forces tend to dominate clustering forces, and that innovation 
in this industry tends to be as scattered as possible. 
 
These results where obtained from a specification of the Technological Concentration Index 
in which the use of patents was considered. Given the problems of patents to indicate 
correctly the technological preferences of agrifood firms we considered the use of quotations 
in the calculation of the index, rather than patents. The new TCI values can be found in table 
4. Table 4 presents the result when quotations are considered for the calculation of the 
fraction of the technological classes of each company. Table 4 has been estimated when 
quotations received are used to calculate the same share of the technological class of each 
company.  
 
The main results are, first, that the biggest positive effects from technological externalities 
have been found for food and edible material, and that this effect appears to be slightly bigger 
than when patents are used in the calculation of the index. A positive, although small value 
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Concentration Indexes appear to be negative, and small, indicating that dispersion forces 
dominate, (weakly), clustering forces.  
 
The Herfindahl concentration index appears to be smaller for patents than for quotations. This 
indicates that patent production probably it is not a good indicator for the state of the 
technological markets in the agrifood industry, and that technological concentration might be 
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Table 3. Calculation of the Technological Concentration Index. Only Patents. 
  s2 Herfindhal x2  TCI 
Foods and beverages: Apparatus  0.05539  0.00120  0.00508  0.04943 
Sugar, starch and carbohydrates  0.00126  0.00120  0.00508  -0.00505 
Tobacco 0.01993  0.00120  0.00508  0.01374 
Food or edible material: Proc., comp., and products 0.34577  0.00120  0.00508  0.34164 
 
Data Source: USPTO 
 
Table 4. Calculation of the Technological Concentration Index. Quotations 
  s2 Herfindhal x2  TCI 
Foods and beverages: Apparatus  0.04136  0.03182  0.00520  0.00468 
Sugar, starch and carbohydrates  0.00113  0.03182  0.00520  -0.03709 
Tobacco  0.01359 0.03182 0.00520 -0.02415 
Food or edible material: Proc., comp., and products 0.41794  0.03182  0.00520  0.39568 
 




In this paper the interdependence of innovation location in agrifood corporations has been 
discussed. We propose the use of technological concentration indexes to introduce a 
technological dimension to the strategy of corporations and in order to analyze the 
competitive structure of markets deriving from R&D investment in agrarian industries.  
 
Theoretical foundations for the use of Technological Concentration Indexes as a tool of 
analysis for multinational innovation can be found in the existence of positive effects from 
technology agglomeration, and in the externalities that go beyond countries and the agrifood 
subsector limits. We suggest that the calculation of Technological Concentration Indexes for 
innovation activities in the agrifood sector implies the existence of an aggregated strategy for 
innovation in agrifood companies directly related to the existing knowledge spillovers in 
agrifood research. It is important to point out that economies of scale are essential 
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improved with an increase in average firm size, if foreign entry increases concentration in 
relatively small national industries. 
 
A major problem in the empirical work is the huge information needs for the econometric 
analysis, and the difficulties that this information clearly reflects the technological preferences 
of agrifood companies. 
 
An important conclusion from this work is that the quality of data is a main determinant in the 
measurement of technological flows, and that probably the use of raw patent data could 
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Appendix 1. Definition and Classes of patents. Source USPTO. 
 
Class 99. Foods and Beverages: Apparatus. 
This class comprises apparatus for preparing, treating and preserving substances (foods) 
intended to be eaten and drunk by human beings, or animals for their nourishment and not 
provided for elsewhere. 
 
Class 127. Sugar, Starch and Carbohydrates. 
This class is designed to include apparatus and processes peculiar to the manufacture of 
carbohydrates and the products of such processes when not more specifically provided for 
elsewhere. 
Inventions peculiar to the extraction, purification, and crystallization of sugars and the 
extraction, purification, and treatment of starch, as such, are found here, as well as the 
manufacture of sugars by hydrolysis of carbohydrates. 
 
Class 131. Tobacco. 
This class includes: 
(a) Products containing tobacco or tobacco substitutes intended for personal use for smoking 
or chewing or for use as snuff. 
(b) Processes and apparatus for manufacturing the products set forth in paragraph (1) where 
not elsewhere provided for. 
(c) Processes and apparatus for treating tobacco preliminary or subsequent to manufacturing 
into products of paragraph (1) where not elsewhere provided for. 
(d) Appliances peculiarly adapted to use by smokers where not elsewhere provided for. 
 
Class 426. Food or edible material: processes, compositions and products. 
This class provides in general for products and compositions in any physical form which are 
intended to be consumed by human being or lower animals in whole or part via the oral 
cavity. Food and edible will be used synonymously and interchangeable herein only in those 
situations where the edible is intended to be consumed and is not merely in a nontoxic form 
which is ancillary to its ultimate and intended purpose, e.g., adhesive for stamps, etc.  
 
This class includes the following subject matter not provided for elsewhere. 
A. Edible products or compositions. 
1. Products or compositions which historically have been considered to be a food, and 
products or compositions which contain a naturally occurring material (i.e., plant or animal 
tissue) which has been historically regarded as a food; e.g., milk, cheese, apples, bread, 
dough, bacon, whiskey, etc. 
2. Products or compositions which are known to have or are disclosed as having nutritional 
effect. 
3. Products or compositions which are closed or claimed as being edible or which; perfect, 
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another edible, so as to become part of the edible composition or product, or which converts a 
nonedible to an edible form. 
4. Plural inorganic elements or minerals for fortification. 
5. Mixtures of enzymes which are edible, per se, or which are used in preparing a product or 
composition proper for this class. 
6. Products or compositions proper for this class which contain a live micro-organism which 
enhances or perfects the digestive action of the intestinal tract, e.g., Bacillus acidophilus milk, 
etc. 
7. Edible bait. 
8. Edible products or compositions which have structural characteristics. 
 
B. Edible food products in combination with nonfood materials which are generally: 
1. Products or compositions of A. above in combination with a package structure, inedible 
casing, a liner or base, an infusion bag, etc. 
2. Compounds which have the same function as in (A. 1-3) in combination with an inedible 
material. 
3. Potable water in a package. 
4. Chewing gum and chewing gum bases, per se. 
 
C. This class is the generic class for: 
1. Flavoring compositions wherein at least one of the ingredients is not a carbohydrate type 
material. 
2. Sweetening compositions wherein at least one of the ingredients is a noncarbohydrate type 
material. 
D. Grit and other materials which are consumed so as to aid in mastication of a food. 
E. Processes of administering the products or composition of A-D above to an animal via the 
oral cavity. 
F. Processes of administering a compound having the same function as the compositions or 
products of A-D above to an animal via the oral cavity. 
G. Processes of treating live animals with a product, compound, or ferment that perfects the 
food made from said animal in combination with a butchering operation, or processes of 
removing a food product from a live animal followed by a treatment of the removed food, or a 
butchering operation followed by an operation that is proper for this class. 
H. Processes of preparing treating or perfecting the products or compositions of A-D. 
I. Single use infusion containers or receptacles which are specific for preparing a food and 
which are devoid of structure which specifically cooperates with a food apparatus. 
J. Compositions and methods of use solely disclosed or claimed for treating or perfecting a 
food material.  
Classification guidelines for this class: 
Patents have been placed herein on the general rule of placing the patent as an original in the 
first appearing subclass of this class that provides for the claimed subject matter. This class 
regards all ingredients or additives that are involved in preparing an edible as being proper 